The major group-specific antigen (gs-a) of avian leukoviruses was detected by radioimmunoassay in extracellular medium of all embryonic cultures prepared from infected chickens. Embryos of birds not carrying an avian ]eukosis virus infection and of chickens from a leukosis-free flock could thus clearly be distinguished from infected ones. Release of group-specific antigen into the extracellular medium was independent of subgroup or strain of avian leukosis or Rous sarcoma virus. The radioimmunoassay of the group-specific antigen seems to be well suited to complement the COFAL (complement fixation avian leukosis) and RIF (resistance inducing factor) tests in the detection of leukosis virus in infected material.
INTRODUCTION
Avian RNA turnout viruses contain both group-(gs) and subgroup-specific antigens. Subgroup-specific antigens are in glycoproteins of the virus envelope and determine the virus serotype. Gs antigens are located in the internal structures of the virus particle and are common to all viruses of the group (Sarma, Turner & Huebner, I964; Bauer & Sch/ifer, I966; Kelloff & Vogt, I966; Payne, Solomon & Purchase, t966; Armstrong, I969) . The RIF test is commonly used to detect congenital infection of embryonic tissues and focus neutralization to detect antibodies to the viruses in sera or yolks. These tests reveal the subgroup specificity of avian leukosis virus (ALV) and antibody, respectively. They are, however, time-consuming and demand equipment and technical capacity not always available.
The group-specific (gs) antigens form a suitable marker for detecting all viruses belonging to the avian leukosis sarcoma virus group (Sarma et al. I964; Berman & Sarma, I965; Cook, Grochal & Huebner, ~I966; Kelloff & Vogt, I966; Payne et al. I966; Dougherty, Marucci & Di Stefano, ~972) . Radioimmunoassay (RIA) (Suni, Vaheri & Ruoslahti, I973) detects as little as I ng/ml of the major gs antigen of avian RNA tumour viruses and is thus Ioo-to moo-fold more sensitive than the COFAL test (Sarma et al. I964) .
Gs antigens are ubiquitous in virus producing or nonproducing cells infected with ALV or Rous sarcoma virus (RSV) and occur endogenously in uninfected chicken cells (Sarma et al. I964; Vogt, Sarma & Huebner, I965; Dougherty & Di Stefano, I966) . Using RIA, gs antigen was detected (Vaheri & Ruoslahti, I973) in all tissue samples and cultured cells from a leukosis-free flock of Brown Leghorn chickens kept in isolation.
There is, however, quantitatively more gs antigen in infected than in virus-free cells. Furthermore, the endogenous gs antigen of leukosis-free cells seems not to be shed by the cells, since extracellular medium collected from such cultures was negative for gs antigen, whereas medium from ALV-or RSV-infected cells always gave a positive reaction by RIA even in high dilutions (Suni et al. 1973) .
Our suggestion (Estola et al. I974 ) that RIA of gs antigen could be useful in laboratory diagnosis of ALV is substantiated by the results of the present method discriminating between endogenous and virus gs antigen.
To this end cell-free media from uninfected, naturally infected and experimentally infected chicken embryo cultures were studied by RIA and the results were compared to those obtained using the conventional COFAL and RIF tests.
METHODS

Cells and viruses.
Cell cultures to be infected with the various strains of ALV or RSV consisted of secondary chicken embryo fibroblasts (CEF2), prepared from leukosis-free embryos, Brown Leghorn of C[O type. The processing of such cells was recently described by Vaheri & Ruoslahti (1973) . The cell culture media were changed daily. Before RIA, collected media were clarified by low speed sedimentation and treated with o-1 ~o Tween 8o and ether.
The virus strains used were: RAV-I ; RAV-2; RSV(RAV-I); the Schmidt-Ruppin strain of RSV, subgroup A (SR-A); SR-A-TS68 (Kawai & Hanafusa, 1971) ; RSV(RAV-2); the Schmidt-Ruppin strain of RSV, subgroup D (SR-D); RSV(RAV-7); and RSV(RAV-5o). The two latter strains were kindly supplied by Dr P. Vogt, University of Southern California, Los Angeles, Calif., U.S.A., all the others by Dr H. Hanafusa, Public Health Research Institute, New York, N.Y., U.S.A.
Infections of cell cultures with subgroup B, C and D leukosis viruses was done in the presence of 5/zg/ml diethylaminoethyl-dextran. Three transfers of cells at 4-or 5-day intervals were prepared from the individual embryos to be tested for presence of ALV and each transfer was studied by the RIF test. On day 4 the medium was collected from CEF3 and treated as above for the RIA. On the same day the cells were sampled and prepared for the COFAL test.
The radioimmunoassay of avian gs antigen. The major gs protein (gs-a) was determined in various medium samples by using a double antibody radioimmunoassay (Suni et al. I973; Ruoslahti et al. I973; Vaheri & Ruoslahti, 1974) . Gs-a (Allen, 1969) Chen & Hanafusa, I974) . In the present text it will be referred to as gs-a as was the convention in our previous publications.
The COFAL test. The COFAL test was performed according to the method of Sarma et al. (I964) on tertiary cultures of chicken embryo fibroblasts. Cells (3 to 4 x Io 7) were trypsinized, washed and centrifuged. After sedimentation the supernatant fluid was removed, leaving behind a vol. equal to four times the cell pack in which the cells were then resuspended. The antigen was prepared by freezing and thawing the cells three times by -7o °C. A twofold dilution series of the cell suspension was used as antigen in the complement fixation test.
A COFAL positive hamster serum was produced by inoculating four-week-old animals intramuscularly with RSV, strain Schmidt-Ruppin. The hamsters carrying tumours were bled about four months post-inoculation. The complement fixation test microtechnique was used, the incubation taking place at 4 °C for 18 h. The 50 per cent haemolysis end-point was estimated visually and taken as the COFAL antigen titre.
The RIF test. To detect ALV infection, a modification of Rubin's method (I96O) was
employed. Three cell transfers were prepared from each embryo to be tested and each transfer was always challenged separately with about 1oo focus-forming units (f.f.u.) of RSV representing the four main subgroups: A, B, C and D. On supernatant media from totally RSV-resistant cultures, interference assays were performed to ascertain whether the cells were infected with ALV or genetically resistant. For such tests leukosis-free cells of type C/O were used.
RESULTS
Cell-free media, collected from experimentally infected chicken embryo cell cultures, contained I2OO to 86oo ng/ml of gs antigen (Table t) . The level was independent of virus subgroup and whether the virus used for infection was a transforming or non-transforming strain. Culture fluid from uninfected cells of the same batch as those infected was negative for gs-a. The virus titres correlated with the amount of released gs-a. One ng of gs-a in RSV containing cell-culture medium corresponded to about IO 3 f.f.u.
In chicken embryos investigated for the occurrence of leukosis virus (Table 2 ) positive virus isolation tests corresponded to a gs-a content of between I48 and 290o ng/ml cellculture medium (embryos I to 4). Where according to the RIF test no virus could be isolated, the gs-a content per ml extracellular fluid was I I ng or less (embryos 5 to t4).
The RIA and RIF results did not correlate with results obtained by the COFAL test. COFAL titres as high as I : 8 were found in chicken embryo cultures from the leukosis-free flock (embryos 12 to I4). The radioimmunoassay is about Iooo times more sensitive than the COFAL test (Suni et al. I973) , which renders it suitable for detecting the group-specific antigens of the avian leukoviruses. The gs antigens are ubiquitous and present even in chicken cells free of infectious virus but the gs antigen content is considerably higher in cell-free media of infected cells than in those of uninfected cells. This makes possible a clear distinction between uninfected cells and cells carrying inapparent leukosis viruses. Also the RIA appears to be completely group-specific, detecting all ALV or RSV strains available for testing (Table I) .
Slightly elevated levels of gs-a antigen were detected in the media of cell cultures prepared from some leukosis-free (RIF-negative)chicken embryos (embryos 5 and 6 of Table 2 ). This is likely to represent endogenous gs antigen released from cells that had become disrupted during culture rather than an active ALV infection.
The COFAL test did not correlate with the results obtained with RIA and the RIF test and, thus, does not seem to offer a reliable method for the detection of infectious virus. There are several explanations for this lack of correlation. The RIA, as applied in the present work, detects gs-a released into the medium surrounding the culture cells, whereas the COFAL test measures ceil-bound gs antigen. The RIA assays one specific component, gs-a, while the COFAL test detects the whole gs antigen complex. Finally, RIA is extremely sensitive, whereas the COFAL test requires a great deal of antigen and is apt to suffer from non-specific interference by other substances.
The identity of the endogenous gs-a with virus gs-a has been established by several criteria (Allen & Sarma, 1971; Vaheri & Ruoslahti, 1973) but the gs-antigen levels of tissues and cells producing infectious ALV are ioo-and Iooo-fold higher than in normal cells.
Comparing the gs-a values with the results obtained in respective RIF tests it would seem acceptable to set the limit value of gs-a of the medium as proof of presence of live virus to about ~5o ng/ml.
In this form the gs-a RIA seems to be well suited to complement or, perhaps, even replace the COFAL and RIF tests in the detection of leukosis virus in infected material. At the present time the use of gs-a RIA is limited by the availability of purified gs-a antigen.
